Background. Recent policy changes require discussing the potential benefits and harms of lung cancer screening with low-dose computed tomography. This study explored how current and former smokers value potential benefits and harms after watching a patient decision aid, and their screening intentions. Methods. Current or former smokers (quit within 15 years) with no history of lung cancer watched the decision aid and responded to items assessing the value of potential benefits and harms in their decision making, and their screening intentions. Results. After viewing the decision aid, participants (n = 30; mean age 61.5 years, mean 30.4 pack-year history) were well-informed (mean 80.5% correct responses) and rated anticipated regret and finding cancer early as highly important in their decision (medians .9 out of 10), along with moderate but variable concerns about false positives, overdiagnosis, and radiation exposure (medians 7.0, 6.0, and 5.0, respectively). Most participants (90.0% to 96.7%) felt clear about how they personally valued the potential benefits and harms and prepared for decision making (mean 86.7 out of 100, SD = 21.3). After viewing the decision aid, most participants (90%) intended to discuss screening with their doctor. Limitations. The study is limited to current and former smokers enrolled in a tobacco treatment program, and it may not generalize to other patient populations. Conclusions. The majority of current and former smokers were strongly concerned about anticipated regret and finding cancer early, while concerns about radiation exposure, false positives, and overdiagnosis were variable. After viewing the decision aid, current and former smokers reported strong preparedness and intentions to talk with their doctor about lung cancer screening with low-dose computed tomography.
annually for 3 years with low-dose computed tomography (LDCT) compared to those screened with standard chest radiography. 2 The Centers for Medicare & Medicaid Services (CMS) issued a national coverage determination providing reimbursement for annual lung cancer screening with LDCT for beneficiaries aged 55 to 77 years who have at least a 30 pack-year smoking history and currently smoke or have quit within the past 15 years, plus meet other eligibility criteria. 3 The US Preventive Services Task Force (USPSTF) concluded that annual screening with LDCT can prevent lung cancer deaths based on a randomized trial that reported a 20% reduction in deaths over 6 years. 4 However, the magnitude of benefit depends on each individual's risk factors (e.g., pack-years, age, comorbidities), and there are potential harms of screening with LDCT. 5 While LDCT involves less radiation exposure than a standard CT, it is still more radiation exposure than the standard chest Xray and may lead to increased rates of breast, lung, or thyroid cancers in the future. 5, 6 LDCT also has a high false positive rate; 95% of positive results do not lead to a cancer diagnosis. 5, 6 Screening may lead to invasive followup testing, overdiagnosis, and overtreatment of cancers that may never have become harmful or fatal. 5, 7 These concepts may be new to patients and can be difficult to communicate, comprehend, and personalize. 7 To facilitate informed decision making about lung cancer screening, CMS, the USPSTF, and the American Cancer Society and the American Thoracic Society recommend including a shared decision-making process for eligible, high-risk smokers. 3, 6, [8] [9] [10] At minimum, these shared decision-making visits should include discussion of a patient's knowledge of screening with LDCT, the potential benefits and harms, and clarification of their decision-making values, that is, the personal importance they place on each benefit and harm. 5, 11, 12 As of February 2015, CMS requires a patient counseling and shared decision-making visit with a health care provider using one or more decision aids that address the benefits and harms of lung cancer screening with LDCT before a patient is referred for screening. 3 Patient decision aids provide high-quality, up-to-date evidence, including a balanced presentation of the potential benefits and harms of screening or treatment. 13, 14 They also provide evidence-based deliberative guidance to help patients personalize the information, gain clarity about the benefit/harm trade-offs, and prepare to communicate with their doctor(s). 13, 15 The 2017 update of the Cochrane Collaboration systematic review of 89 randomized controlled trials of patient decision aids concluded that patient decision aids improve patients' knowledge, accurate perceptions of risk, decisional conflict, clarity about their values, and preparation for decision making. 16 It also reported a reduction in the number of patients who remain passive or undecided, and an increase in the proportion of patients who are satisfied with their patient-practitioner communication. 16 Following the CMS requirement of the use of decision aids, 3 evidence is needed regarding how patients who have viewed a patient decision aid value the potential benefits and harms of lung cancer screening with LDCT. As part of an ongoing series of studies of patient decision making for lung cancer screening, [17] [18] [19] we report the effects of the use of a video-based decision aid about screening with LDCT to elicit the values that current and former smokers place on the potential benefits and harms, as well as their intentions toward screening with LDCT.
Methods

Study Design
In this pre-/postintervention study, participants completed an online baseline questionnaire assessing their sociodemographic characteristics, smoking history, and knowledge of lung cancer screening with LDCT. Participants then watched the decision aid video and completed an online questionnaire assessing their postdecision aid knowledge, decision-making values, and screening intentions, as well as their overall sense of being well-informed, clear about their decision-making values, and prepared to make a decision.
The institutional review board at The University of Texas MD Anderson Cancer Center provided ethical review and approval of the study protocol. Informed Presented at the 38th Annual North American Meeting of the Society for Medical Decision Making in Vancouver, Canada, October [23] [24] [25] [26] 2016 consent was provided by all participants. The study is registered with www.clinicaltrials.gov (NCT02282969).
Participants and Setting
Eligible individuals were English-speaking men and women aged 55 to 80 years with no history of lung cancer, who were current smokers or had quit within the past 15 years. This study did not include a pack-year minimum as an eligibility criterion because one of the patientrequested features in the decision aid was an activity to help smokers learn to calculate their pack-year history and consider their eligibility. To obtain a more diverse sample of higher risk current and former smokers, individuals were recruited from the Tobacco Treatment Program at The University of Texas MD Anderson Cancer Center. Data collection occurred from March 29, 2016 , to May 5, 2016.
Intervention
The patient decision aid video, ''Lung Cancer Screening: Is It Right for Me?'' was developed based on theories in cognitive psychology and decision making, including the integrative model of behavior. 20, 21 In accordance with the recommendations of the International Patient Decision Aid Standards Collaboration, the decision aid video meets 28 out of 32 relevant quality criteria. 22 Figure 1 provides selected screenshots of the video. A narrator guides viewers through descriptions and images of the natural history of smoking and lung cancer, with an emphasis on the importance of quitting smoking. The USPSTF screening recommendation is described. The narrator explains that screening with LDCT is a personal decision, and describes the importance of considering the potential benefits and harms so that ''you can have an informed discussion with your doctor about whether screening with low-dose computed tomography is right for you.'' Next, the narrator explains the procedures for screening with LDCT, and the video shows a patient being screened. The narrator guides viewers through the potential benefits and potential harms, and icon arrays are provided to visualize the risk. With extensive input from smokers and health care providers, the video contextualizes the risk of radiation exposure by comparison with other medical imaging and environmental exposures. It describes false positives using the term false alarms and depicts the false positive rate using an icon array. Overdiagnosis is also presented as cancers that would never become life threatening, and the video explains that some people may be treated for cancer that would never have harmed them. 7 Following the didactic information, the decision aid video provides theory-based key messages to prompt current and former smokers to consider what matters most to them personally (i.e., to clarify their decisionmaking values). It closes by summarizing the potential benefits and harms side-by-side, and emphasizing again the importance of considering this personal decision with your doctor.
Measures
To assess current and former smokers' decision-making values after viewing a LDCT patient decision aid, participants were asked to respond to five questions using visual analog scales. 23 If you made the decision not to be screened and were later diagnosed with lung cancer, would you have regrets? (0 = Would have no regrets about my decision not to be screened; 10 = Would strongly regret my decision not to be screened) How important to you is it to find lung cancer early? (0 = Not at all important; 10 = Extremely important) How concerned are you about radiation exposure from lung cancer screening and potential follow-up testing? (0 = Not at all concerned; 10 = Extremely concerned) How concerned are you that your scan may say you have cancer when you do not (in other words, a false alarm)? (0 = Not at all concerned; 10 = Extremely concerned) How concerned are you about being treated for a lung cancer that never would have harmed you (in other words, overdiagnosis)? (0 = Not at all concerned; 10 = Extremely concerned) Participants also rated their intention to 1) discuss screening at their next appointment and 2) complete screening within the next year, using visual analog scales (1 = Definitely will not; 3 = Not sure; 5 = Definitely will).
To assess participants' objective information comprehension, participants completed the LCS-12, a brief measure of lung cancer screening knowledge. 18 This scale includes 12 items with three response categories: True, False, I Don't Know (1 = Correct; 0 = Incorrect or I Don't Know). 17 In addition, three measures assessed participants' subjective ratings of their knowledge, values clarity, and preparation for decision making after viewing the decision aid video. Participants were asked to respond to the question, ''How informed do you feel about lung cancer screening?'' on a scale of 0 (Not at all informed) to 10 (Very well informed). Values clarity was measured using the question format of the values clarity subscale of the Decisional Conflict Scale, 24, 25 with three low literacy response items-Yes, Unsure, or No (scored 0, 2, 4, respectively):
Are you clear about which benefits matter most to you? Are you clear about which risks and side effects matter most to you? Are you clear about which is more important to you (the benefits or the risks and side effects)?
Finally, participants completed the Preparation for Decision Making scale, using 5-point visual analog scales (0 = Not at all; 4 = A great deal). 26 
Data Management and Analysis
Study data were collected and managed using REDCap (Research Electronic Data Capture) tools hosted at MD Anderson. 27 Data were de-identified and analyzed using the Statistical Package for the Social Sciences (SPSS v. 23, IBM 2016). Descriptive statistics assessed the distributions of responses for all items.
To address the primary objective, participants' responses to the decision-making values questions were tabulated and box plots were created to illustrate the medians and variance of participants' concerns about finding cancer early, anticipated regret, radiation exposure, overdiagnosis, and false alarms. Tabulations also summed the number of participants who responded ''Definitely Will'' or ''Probably Will'' to the two questions about intentions to discuss screening and to be screened.
Knowledge scores were calculated using the published scoring algorithm and a paired t test, as reported previously. 17, 18 To assess participants' subjective perceptions, means and standard deviations were calculated for their ratings of being well-informed and for their scores on the Preparation for Decision Making scale. To quantify the amount of participants' who felt clear about their values, analyses summed the number of ''Yes'' responses to the three Decisional Conflict Scale values clarity subscale items. To compare participants' values clarity with other published studies, analyses summed the three items, divided by three, and multiplied by 25 to yield a 0 to 100 subscale scale score. 24 
Role of Financial Support
Results
Thirty-one individuals were recruited from the Tobacco Treatment Program and one withdrew when a family member became ill. The majority of participants were current smokers (20, 67%) aged 55 to 70 years (mean = 61.5 years) with a 4.6 to 90 pack-year history (mean 30.4 pack-years). 17 Fifteen participants (50%) were female, and 11 (36.7%) were non-White, had a college degree, and/or had private insurance. Table 1 shows that after watching the decision aid video, the majority of participants reported feeling wellinformed (mean 8.7 out of 10, SD = 1.6). As reported previously, watching the decision aid video improved patients' mean knowledge scores on the 12-item measure from 5.7 (47.3% correct) pre-decision aid to 9.6 (80.3% correct) post-decision aid, and the 3.9 mean difference (SD = 2.9, 95% confidence interval 2.9-5.0) was significant (t = 7.6, P \ 0.001). 17 The largest increases in correct responses were seen in questions assessing individuals' awareness of the overall benefit of CT scanning, where lung cancer ranks as a cancer-related cause of death in the United States, potential for false positives, and likelihood of receiving a lung cancer diagnosis given an abnormal CT scan result. 17 Participants reported feeling clear about which risks and benefits were important to them (90% to 96.7% positive responses). Their mean score on the Decisional Conflict Values Clarity Subscale was 3.9 (where 0 = feels extremely certain and 100 = feels extremely uncertain about the best choice).
Participants also felt prepared for making a decision with their doctor (mean 86.7 out of 100, SD = 21.3), with highest scores reported for the decision aid video helping them recognize ''that a decision needs to be made'' (mean 4.2, SD = 0.9), knowing ''that the decision depends on you'' (mean 4.5, SD = 0.7), and thinking ''about the pros and cons of each option'' (mean 4.3, SD = 0.8).
After watching the decision aid video, 27 (90%) participants intended to discuss lung cancer screening at their next doctor's appointment. Twelve participants (40%) would meet the CMS pack-year eligibility criterion, and 19 (63%) indicated that they were interested in being screened within the next year.
Discussion
Overall, use of a patient decision aid video resulted in current and former smokers placing high value on anticipated regret if they chose not to be screened and later were diagnosed with lung cancer, and finding cancer early as well as moderate but variable concerns about radiation exposure, false positives, and overdiagnosis. The majority of participants felt prepared for, and remained enthusiastic about, discussing lung cancer screening with LDCT at their next doctor's visit.
These results add to the literature by providing an example of using a patient decision aid to elicit and report current and former smokers' decision-making values about LDCT. Several qualitative studies have identified barriers to lung cancer screening-lack of awareness, costs, concerns about the procedures/exposures, anxiety, uncertainty, and misunderstanding of the meaning of the results-and recommended patient-focused educational and shared decision-making tools. [28] [29] [30] [31] [32] However, some of these studies occurred prior to the CMS policy change and/ or did not inform smokers about the potential risks and benefits of LDCT. Since the CMS policy change, a number of patient decision aids about LDCT have been developed and show positive effects on individuals' awareness, knowledge, risk perceptions, and decision making. 19, 32, 33 Notably, these results differ slightly from a study comparing direct invitation to lung cancer screening (including mailing Veterans who met the risk guidelines a brochure decision aid describing LDCT) with usual care. 33 In that study, Veterans placed the highest value on ''personal risk of lung cancer'' and ''fear of getting cancer.'' Lower value was observed for ''risks of lung cancer screening''; however, Veterans exposed to the decision aid brochure did rate potential harms higher than Veterans in the usual care group. 33 Our study expands these findings by assessing the value of the types of potential harms (overdiagnosis, anticipated regret, etc.), after confirming participants' knowledge of the risks and benefits.
While the sample size is not large enough to assess potential associations, the high and moderate importance ratings may reflect increased understanding and awareness of the potential risks of screening. Similar studies in other cancer screening contexts have noted that increased knowledge and awareness of the potential risks of screening resulted in patients reporting high importance for those factors, and continued intentions to be screened. 13, 34, 35 The integrative model of behavior posits that, when risk is present, supporting patients in feeling clear about their values and being well-informed and prepared to discuss their preferences with their clinician(s) may improve intention and action. [36] [37] [38] While the effects of increased knowledge and values on intentions toward cancer screening vary by cancer type, a recent meta-analysis found anticipated regret to be a strong predictor of intentions to engage in a health behavior, especially anticipated inaction regret. 39 Schapira and colleagues noted the challenges in helping patients consider the unknowns of their current health state (ambiguity) and potential future health outcomes (uncertainty). 40 Shared decision-making interventions (patient decision aids, decision coaching consultations, etc.) may confirm that patients are knowledgeable about the risks and benefits and hold realistic expectations when considering lung cancer screening with LDCT.
Limitations
This study was limited to current and former smokers participating in a tobacco treatment program at a large cancer center. While many may not have been actively considering this decision, all participants were seeking smoking cessation services and represent a target population for raising screening awareness. Accordingly, a higher percentage of participants expressed intentions to discuss screening compared to actually being screened within the next year. The difference in intention for discussion and intention for screening may reflect increased awareness of the characteristics of smokers for whom screening with LDCT is or is not recommended. Additional testing is needed to explore the use of the decision aid with individuals in routine clinical care.
The sample size of this study also limits exploration of several downstream factors that influence decision making and utilization. Larger trials are needed to evaluate effects of patient decision support on utilization of LDCT and subgroup effects due to sociodemographic characteristics and lung cancer risk levels. Longitudinal studies are also needed to assess the decision aid's effect on patients' retained knowledge and stability of values when new concepts (e.g., overdiagnosis) and policies become more familiar, and whether these factors influence rates of initial or repeat testing.
Conclusion
A decision aid for lung cancer screening with LDCT may help current and former smokers clarify their values about the benefits and harms of screening, and assist clinicians in diagnosing potentially dominating drivers of screening decisions, such as anticipated regret. Decision aids for LDCT may help smokers contextualize lessfamiliar risks, such as radiation exposure, and ensure that they are clear, well-informed, and prepared to make decisions about lung cancer screening with LDCT. Decision support tools may also be useful for identifying gaps in information comprehension or mismatches between patients' values and treatment preferences. While variance was observed in patients' values (i.e., importance ratings) regarding radiation exposure, overdiagnosis, and false positives, enthusiasm for finding lung cancer early and screening with LDCT remained strong.
